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Polypropylene (PP) nanofibres have been electrospun from molten PP using a needleless melt-electrospinning setup containing
a rotary metal disc spinneret. The influence of the disc spinneret (e.g., disc material and diameter), operating parameters (e.g.,
applied voltage, spinning distance), and a cationic surfactant on the fibre formation and average fibre diameter were examined. It
was shown that the metal material used for making the disc spinneret had a significant effect on the fibre formation. Although the
applied voltage had little effect on the fibre diameter, the spinning distance affected the fibre diameter considerably, with shorter
spinning distance resulting in finer fibres. When a small amount of cationic surfactant (dodecyl trimethyl ammonium bromide)
was added to the PP melt for melt-electrospinning, the fibre diameter was reduced considerably. The finest fibres produced from
this system were 400± 290 nm. This novel melt-electrospinning setup may provide a continuous and efficient method to produce
PP nanofibres.
1. Introduction
Electrospinning has been a widely used platform technology
for producing polymer nanofibres [1–3]. It allows good con-
trol of fibre diameter, morphology, and functionality [4–
6]. The electrospun nanofibres have a high specific surface
area and excellent pore interconnectivity. This unique porous
structure plus the function from the material itself has made
electrospun nanofibre membranes versatile materials with
applications in diverse areas [7–11].
Electrospun nanofibres are typically produced from poly-
mer solutions, and organic solvents have to be used in most
cases to form homogeneous polymer solutions. Although
the use of organic solvents is not a major concern for lab-
scale nanofibre production, the recovery of solvents for large-
scale nanofibre production would considerably increase the
production cost and cause potential environment pollution.
The residue of organic solvent in nanofibresmay lead to cyto-
toxicity in cells, which hinders the application of electrospun
nanofibres in some biomedical areas. In addition, solution
electrospinning is unable to process nonsoluble polymers,
such as polypropylene (PP) and polyethylene (PE).
Electrospinning of molten polymer, also known as melt-
electrospinning, has been considered an ideal solution to
these problems [12]. Since no organic solvents are involved,
melt-electrospinning is more ecofriendly and cost efficient
when compared to solution electrospinning, and the resul-
tant nanofibres are cytotoxically safe as well.
Although melt-electrospinning was proposed about 30
years ago [13–15], its research has been restricted due to
the difficulties in making an effective experimental setup
[16–18] and the lack of theoretical studies [19–21]. Melt-
electrospinning is more complicated in setup than solution
electrospinning because the system needs to operate in an
environment of elevated temperature during the spinning
process. Therefore the electric heater needs to be insulated
from the high voltage DC power to avoid electrical interfer-
ence. In some studies, this has been achieved by applying
the high voltage electrode to the collector instead of the
spinneret [12, 17, 22]. By separating the electric heating
system from the high voltage power source, the interference
can be reduced substantially. In other studies, a CO2 laser
has been used as the heating source [23–25]. This highly
controlled and localised laser heating can also avoid the
thermal degradation of the polymer melt caused by the long-
term exposure to heat.
Physically, a polymer in the melt state is much more
viscous and has a lower charge density than its solution.
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Consequently, melt-electrospun fibres are often coarser than
those electrospun from polymer solutions, typically over 10
microns in diameter [22, 26, 27]. To reduce the viscosity,
polymer blends were employed for melt-electrospinning [28,
29], and additives have been proposed but with limited suc-
cess [30]. Nearly 20 polymers have been subjected to melt-
electrospinning to date [31], and the potential applications
of melt-electrospun fibres in industrial and biomedical areas
have also been demonstrated [32–35].
PP is a thermoplastic polyolefin with excellent mechani-
cal/chemical properties. It has been an important industrial
material for many applications, especially in the textile in-
dustry to make fibres [36]. However, PP is not soluble in
common solvents at room temperature, and conventionally
PP fibres are produced by a melt-extrusion or melt-blown
technique. It remains challenging to prepare PP fibres with
diameters on the nanometre scale.
In our previous work, we have developed a needleless
solution electrospinning setup which used a rotarymetal disc
as the spinneret [37]. By loading a polymer solution onto the
disc edge and charging it with a high electric DC voltage, a
large number of solution jets were generated spontaneously
from the disc edge surface. Nanofibres produced in this way
were uniform with a much higher productivity than those
produced by conventional needle solution electrospinning.
This novel setup allowed the mass production of nanofibres
for a wide range of applications.
In addition, surfactants have been used as an additive to
prevent the formation of fibre beads and to reduce the fibre
diameter during solution electrospinning [38]. However, the
influence of an ionic additive on the spinning ability of
polymer melts and the resultant fibre dimension have not
been well studied [30].
In this study, a needleless melt-electrospinning setup
employing a disc spinneret was used to electrospin molten
PP. The influence of disc spinneret, operating parameters, PP
type, and a cationic surfactant on the fibre morphology were
also examined. To our knowledge, this is the first paper on
needleless melt-electrospinning.
2. Experimental
Materials. PP samples (Metocene (Metocene is a trademark
owned and used by LyondellBasell family of companies)
MF650X and Metocene MF650Y) were kindly provided by
Equistar Chemicals, LP (USA) part of the LyondellBasell
family of companies with melt flow rates (MFR) of 1200 and
1800 g/10min, respectively. Dodecyl trimethyl ammonium
bromide (DTAB) was purchased from Sigma-Aldrich (Syd-
ney, Australia). All materials were used as received.
Melt-Electrospinning. A purpose-made needleless melt-elec-
trospinning setup was used in this research. A rotating metal
disc was used as the fibre generator, which was partially
immersed into a polymer melt bath underneath. Tomaintain
the working temperature, both the disc and the melt reser-
voir were heated by cartridge heaters (HELIOS), which were
connected to a temperature controlling system (Variac SRV-
5, Powertech). A metal collector above the disc was applied
with a high voltage to avoid any electrical interference. The
fibre generating section of the setup under the collector was
electrically grounded and the whole setup was placed in a
plastic box, which was filled with Argon.
Before electrospinning, PP pellets were loaded into the
preheated melt bath. The disc started to rotate once the
pellets were completely molten.When the entire disc rim was
covered by the polymer melt, a high voltage was applied to
the collector using a power source (Gamma High Voltage,
USA) and fibre spinning was initiated.
Characterisation. The temperature profile of the melt-elec-
trospinning setup was obtained from the thermal images
taken by an infrared thermography video camera (H2640,
NEC, Japan). The morphology of melt-electrospun fibres
was examined using a scanning electron microscopy (SEM,
Jeol Neoscope). All samples were gold coated (Bal-tec SCD50
sputter coater) and the images were taken at an acceleration
voltage of 10 kV. The fibre diameter was calculated using
an image processing software package (Image Pro-Plus 4.5,
Media Cybernetics Co., Santa Clara, CA). The electric fields
were calculated using a finite element method (Comsol Mul-
tiphysics 3.5a), and the electric field intensity was obtained
from the 2D electric field profile using Matlab R2010.
Fourier transform infrared spectra (FTIR) were measured
on an FTIR spectrometer (Bruker Optics) in attenuated total
reflectance (ATR) mode.
3. Results and Discussion
Two PP samples Metocene MF650X and Metocene MF650Y
were used for this melt-electrospinning study. Both are
commercial grades made using metallocene catalysts to
achieve a narrow molecular weight distribution and a high
degree of resin consistency. Both samples have very high
MFR values, giving them low viscosity after melting which
is a critical requirement in melt spinning to obtain very fine
fibres.
The melt-electrospinning setup is shown in Figure 1.
The temperatures of the heaters and disc were controlled
accurately in the range from 280◦C to 360◦C. When the tem-
perature was set at 280◦C, the PP started to melt. Applying
a high voltage led to electrospinning of fibres, however the
spinning process was discontinuous because of the high vis-
cosity of the polymer melt. Only when the temperature was
increased to around 320◦C did the electrospinning process
become continuous.
During melt-electrospinning, the rotating disc rim was
covered uniformly with a thin layer of molten PP, which
could smoothly flow back into the melt bath. When the
temperature was increased to 360◦C, a large amount of fumes
were emitted from the bath and the polymer melt turned a
yellowish colour due to PP degradation.
Two discs were used in the initial experiments, the first
made of iron and the second made of aluminium. Figure 2
shows the SEM images of the as-spun PP fibres made
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Figure 1: Photos of the disc melt-electrospinning setup.
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Figure 2: SEM images of the melt-electrospun PP fibres that were produced using (a) an iron disk and (b) an aluminium disc (MF650Y,
applied voltage = 75 kV and collecting distance = 16 cm).
using these discs. The iron disc generated fibres having a
rough surface and containing some fibre beads, the average
diameter of the fibres based on the SEM images was 8.69 µm.
In comparison, smooth fibres were prepared when the alu-
minium disc was employed and the fibres looked much finer,
with an average diameter of 3.31 µmand a narrower diameter
distribution, (standard deviation of 3.69 µm compared with
13.79 µm for the fibres prepared with the iron disc). This sug-
gests that the metal material used for making the spinneret
strongly influences the fibre diameter and morphology.
Figure 3 shows the temperature profiles of the two
setups taken with an infrared thermography video camera.
Despite the heater temperatures having been set at the
same levels, obvious differences in the temperature profiles
were observed on these two thermal images. Three different
locations (labelled 1, 2, and 3 on Figure 3(a)) were compared
and whilst there was almost no temperature difference at
locations 1 and 3, at location 2 the aluminium disc was nearly
red whilst the iron disc was blue. The temperature measured
on the aluminium disc edge was 150◦C whilst it was only
50◦C at the same point of the iron disc.
It has been established that the heat transfer (q) of
a heated object is affected by several factors which are
described by [39]
q = kAdT
s
, (1)
where k is the thermal conductivity of a material, A is the
heat transfer area, dT is the temperature difference across
the material and s is the transfer distance, which in this case
can be considered the disc radius. Hence more heat will be
transferred if a material has a higher conductivity. For iron,
the thermal conductivity is 31.1W/mK (at 20◦C), which is
much lower than that of aluminium (236W/mK) at the same
temperature. Therefore, more heat was transferred to the
edge of the aluminium disc that assisted in compensating for
the heat diffusion losses from the disc to the environment.
Disc diameter is another important factor that affects the
heating process. Two aluminium discs with different diame-
ters (32 and 40mm) were chosen to investigate this parame-
ter. Before the experiments, the electric field profile was anal-
ysed by a finite element method. As shown in Figures 4(a)
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Figure 3: Temperature profile of the heated iron (a) and aluminium (b) discs.
and 4(b), the highest electric field intensity was concentrated
on the four edges of the collector. The electric field isosurface
profile (Figures 4(c) and 4(d)) shows a slight difference in the
electric field intensity within the spinning space (collecting
distances were same, 16 cm). The electric field intensity
profiles between the top of the discs and the center of the col-
lector (as shown by the red lines in Figures 4(c) and 4(d)) are
presented in Figure 4(e). The intensity was about 5 kV/cm on
the edge of the 32mm diameter disc. This intensity doubled
when the disc diameter was increased slightly to 40mm.
The electric field intensity decreased quickly within a
short distance away from the disc edge and then increased
to almost the same levels at the collector center. Electric field
intensities were also different along the disc edges, and the
intensities were highest at the points closest to the collector
(Figure 4(f)). At all angles, the electric field intensities on the
edge of the 40mm diameter disc were almost twice as high as
those on the 32mm diameter disc.
The two discs also had a large difference in edge tempera-
ture, with the smaller diameter disc being almost 50◦C hotter
than the larger disc under the same heating conditions. Due
to the lower edge temperature, the larger diameter disc did
not produce finer fibres despite the fact that it experienced
a higher electric field intensity on the surface. Therefore, the
aluminium disc with a diameter of 32mm was used in all
subsequent experiments.
Two important operating parameters, namely, applied
voltage and collecting distance, were examined. The melt-
spinning process required a very high voltage to produce
enough electric field intensity for generating multiple jets,
very similar to a solution-based needleless electrospinning
process. The minimum voltage required to initiate the spin-
ning process was 50 and 65 kV for the collecting distances
of 11 and 16 cm, respectively (Figure 5). These voltages were
significantly higher than those used in needle electrospinning
for both polymer solutions [40, 41] and melts [12, 27]. The
need for a very high applied voltage was attributed to the
high viscosity of the PP melt, which made it more difficult
to generate melt jets than solution jets.
It was also interesting to note that the voltage could
be increased to 75 and 90 kV at the two different spinning
distances without any electric discharge being observed. Such
high voltages are impossible with needle melt-electrospin-
ning due to the corona discharge. By applying the high
voltage onto the collector and electrically grounding the
spinneret, melt-electrospinning at a very high voltage was
safely achieved whilst keeping the power source and the
electric heating system separate.
Most previous research into melt-electrospinning has
observed a decreased fibre diameter with increasing applied
voltage [22, 29, 33], normally attributed to the higher
stretching force from the increased electric field intensity.
However, in this paper the applied voltage had little influence
on fibre diameter, although the average fibre diameter
appeared to increase slightly when the voltage was higher
than 80 kV (spinning distance = 16 cm). This is possibly due
to fibre drawing without the confinement of a needle, allow-
ing more volume of polymer to be drawn from the molten
polymer surface when the electric field is high. Unlike a
normal solution electrospinning setup where the flow rate is
controlled using a syringe pump, in thismelt-electrospinning
setup the spinning speed was completely determined by the
intensity of the electrostatic force. Hence more polymer melt
was stretched out to form fibres at a higher applied voltage,
and this could have offset the fibre thinning enhancement
under a stronger stretching force.
It was also noted that coarser fibres were always produced
at the longer melt-electrospinning distance of 16 cm. One
possible explanation is that since the electric field intensity
was decreased by almost one-third, this resulted in a dra-
matic drop in the electrostatic stretching force, and therefore
reduced the degree of fibre thinning. The diameter of the
finest fibre collected at the melt-electrospinning distance of
11 cm was 1.73 ± 1.50 µm, and this was increased to 3.63 ±
2.77 µm when the distance was widened to 16 cm. Therefore
the finest fibres had an average diameter of 1.73 µm, which
was still much coarser than those usually obtained from a
polymer solution electrospinning process.
Figure 6 shows the relationship between fibre diameter
and the DTAB concentration. Most of the PP/DTAB com-
posite fibres were finer than those prepared using pure PP,
except for a few exceptions when the DTAB concentration
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Figure 4: (a, b) Electric field intensity profile of the needleless melt-electrospinning setup using a disc with the diameter of (a) 32mm and
(b) 40mm; (c, d) electric field isosurface of the profiles; (e) electric field intensity profile from the top of the disc to the centre of the collector;
(f) electric field intensity profile along the disc edges (Applied voltage = 60 kV; collecting distance = 16 cm).
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Figure 5: Relationship between fibre diameter and the applied voltage at two different collecting distances (MF650Y).
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Figure 6: Relationship between fibre diameter and the applied
voltage/DTAB concentration in PP (MF650X, collecting distance =
16 cm).
was 0.5%. The effect of DTAB on fibre diameter became
obvious when the DTAB concentration was higher than 2%,
where nearly all fibres had a diameter less than 2 µm. The
applied voltage also had very limited effect on the fibre
diameter. The most significant decrease in fibre diameter
occurred when the DTAB concentration was 3%, because
all fibres collected had a diameter less than 1 µm. Increasing
the DTAB concentration further to 4% did not reduce the
fibre diameter any more. It should be noted that 60 kV was
a critical voltage in most cases (Figure 7). At this voltage, the
coarsest fibres (diameter = 6.86 ± 3.53 µm) were prepared
from a PP melt containing 0.5% DTAB, however the finest
fibres (0.40 ± 0.29 µm) were also achieved from a PP melt
containing 3% DTAB.
Table 1: FTIR peak assignments for polypropylene.
Wave number (cm−1) Vibration type Assignment
808 Stretching C–C
840 Rocking C–H
973
Rocking CH3
Stretching C–C
996 Rocking CH3
1166
Stretching C–C
Wagging C–H
Rocking CH3
1376 Symmetrical bending CH3
1456 Symmetrical bending CH3
2870 Stretching CH3
2920 Asymmetrical stretching CH2
2950 Asymmetrical stretching CH3
The addition of DTAB to molten PP had a significant
effect not only on the fibre diameter, but also on the electro-
spinning process. For the PP melt without DTAB, the spin-
ning process could last for half an hour at most before the PP
started degrading. However, when DTAB was added to the
PP melt, the process was extended to at least an hour longer.
Figure 8 shows the FTIR spectra for PP and its blends
containing 0.5%, 2%, 3% and 4% DTAB by weight. All spec-
tra were very similar with each displaying the characteristic
peaks of PP [42, 43], as listed in Table 1. This suggested that
adding DTAB into molten PP had a negligible effect on the
chemical structure of PP.
It has been reported that DTAB is a cationic surfactant
capable of reducing the entanglement of polymer chains [44,
45], which could be one of the reasons for the enhanced fibre
thinning observed. A similar finding was also reported for di-
(2-ethylhexyl)phthalate (DOTP), which reduced the viscos-
ity of molten poly(methyl methacrylate) (PMMA) to enable
Journal of Nanomaterials 7
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Figure 7: SEM images of the fibres electrospun from PP melt containing (a) 0.5%, (b) 2%, (c) 3%, and (d) 4% DTAB (applied voltage =
65 kV, collecting distance = 16 cm).
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Figure 8: FTIR spectra of PP and PP/DTAB blends with different DTAB concentrations.
melt-electrospinning of fine PMMA fibres [30]. Another
possible contribution of DTAB to the melt-electrospinning
process was the presence of the extra electrical charges. It
was reported that a small amount of DTAB in polystyrene
solution improved the solution conductivity and reduced the
fibre diameter, as well as increasing the fibre uniformity [38].
4. Conclusions
A novel needleless melt-electrospinning setup was developed
to successfully produce PP nanofibres. By heating the melt
bath and the disc separately, the melt temperature was well
maintained. The metal material used for making the disc
8 Journal of Nanomaterials
spinneret and the disc diameter had considerable effects on
heat transfer and resulting fibre formation. Electric inter-
ference between the electric heaters and high voltage power
source was avoided by charging the collector and electrically
grounding the spinneret. The applied voltage was shown
to have little effect on fibre diameter, however finer fibres
were produced at a shorter collecting distance. When a
cationic surfactant DTAB was added into the polymer melt,
much finer fibres were electrospun. This novel setup has the
potential to conquer the challenges in melt-electrospinning
and provide an efficient, continuous, and highly productive
fibre making technique.
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